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SUMMARY  

Cancer is the second leading cause of death globally, but is expected to become the number one 

soon. Happily death rates across many cancer types have been falling. This is partly attributed to 

prevention measures and earlier detection and availability of better treatments including new 

systemic cancer treatments. However, still most die due to failure of treatment for metastatic 

disease. Breast cancer is the most commonly diagnosed type of cancer in women worldwide. 

Initially, treatment of metastatic breast cancer consisted of chemotherapy or antihormonal 

therapy. Approximately 20 years ago overexpression of the human epidermal growth factor 

receptor 2 (HER2) was also identified as a drug target. Approximately 15% of breast cancers 

harbor overexpression of HER2. The HER2 targeting antibody, trastuzumab had limited antitumor 

activity when administered alone. However when combined with chemotherapy, it showed clear 

antitumor activity. This resulted in improved survival for patients with breast cancer that received 

this drug in the curative and non-curative setting. 

After drug registration and several years of use, more data on safety, tolerability and efficacy 

became available. This is particularly important for patients belonging to certain niche populations 

because they were not included in the registration trials. Important niche populations are 

for example: patients with severe comorbidities or patients who have had cancer in the past. 

Trastuzumab is currently still one of the most frequently used agents in patients with HER2 

positive early and metastatic breast cancer. It is therefore important to be informed about the 

safety and treatment characteristics of trastuzumab in the broad spectrum of patients that need 

treatment in daily practice.

AIM OF THE THESIS

The aim of this thesis is to study several aspects of treatment in patients with metastatic breast 

cancer. Special attention is paid to the implementation of treatment in daily oncology practice, 

treatment optimization in niche populations and the exploration of potential new drug targets.

Chapter 1 provides a general introduction of the topic and outlines the thesis. Chapter 2 

reviews the available literature and status of clinical trials regarding the use of immunotherapy 

in breast cancer. English articles were reviewed by searching PubMed for relevant articles and by 

analyzing trials using www.ClinicalTrials.gov until June 2015. Abstracts of the American Society 

of Clinical Oncology Annual Meeting (2012 - 2015), San Antonio Breast Cancer Symposium (2012 

- 2014), American Association of Cancer Research Annual Meeting (2012 - 2015) and the annual 

congresses of the European Society of Medical Oncology (2012 - 2014) were checked. 

Preclinical studies demonstrate that chemotherapeutic agents can elicit immune responses 

and a functional immune system might be crucial for their efficacy. Triple negative breast 

cancer (TNBC) and HER2-positive breast cancer harbor higher genomic instability in the cancer 
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cell itself compared to the luminal A and B breast cancer subtypes. It leads to increased DNA 

damage or a higher mutational load. Increased DNA damage causes production of higher tumor-

specific antigen levels and can elicit stronger anti tumor immune responses, which is seen in 

these subtypes. Several clinical trials have been conducted and immune checkpoint inhibitors 

in metastatic breast cancer appear to have some antitumor efficacy in immunogenic subgroups. 

Other strategies, such as vaccine studies, have been designed to increase the body’s own anti-

tumor immunity. It induces innate and adaptive immune responses, which lead to tumor control. 

Tumor responses have been observed in phase I trials with vaccines in patients with metastatic 

breast cancer. Of interest are the development of bispecific T cell engagers which couple a tumor-

specific antigen and a T cell receptor complex resulting in a close-targeted cell to cell contact 

enabling T cell mediated tumor cell killing. Results with these drugs in breast cancer are still 

awaited.

Together with the introduction of trastuzumab for HER2 positive metastatic breast cancer 

in daily practice, HER2 testing was implemented in a short period. Chapter 3 re-assesses the 

HER2 status of tumor samples, which were tested HER2 positive short after trastuzumab was 

used in daily practice. The most updated ASCO/CAP Clinical Practice HER2 testing guideline in 

this period proposed two methods, namely immunohistochemistry and in situ hybridization. 

Immunohistochemistry measures the cell surface HER2 protein expressions using antibodies 

directed against HER2. The level is measured semiquantitatively and scored from 0–3. HER2 

positivity is defined as a 3+ score. In situ hybridization determines HER2 gene amplification. It was 

introduced as immunohistochemistry was felt to be influenced by many (pre-)analytical factors. 

HER2 gene amplification, which highly correlated with overexpression of the HER2 protein, 

was introduced as an obligatory additional method in case of a HER2 immunohistochemistry 

score of 2+. HER2 was also considered positive in the case of HER2 amplification regardless of 

immunohistochemistry. 

We identified patients who received trastuzumab for metastatic breast cancer between 

2005 - 2009 using the registration of the 23 hospital pharmacies in the Northern part of The 

Netherlands. Registration clerks of the Netherlands Cancer Registry gathered detailed information 

on patient, treatment and tumor characteristics. Of the identified patients, the primary tumor 

tissue was collected and a tissue micro-array was constructed. Subsequently, the HER2 status was 

re-assessed using the most updated ASCO/CAP Clinical Practice guideline described previously. 

We performed immunohistochemistry and two in situ hybridization techniques on all tumor 

samples. Immunohistochemical staining for HER2 was performed on 4 mm sections of the tissue 

micro-array with the Food and Drug Administration approved PATHWAY HER2/neu assay (Ventana 

Medical Systems) containing the 4B5 rabbit monoclonal antibody on a Benchmark XT platform 

(Ventana). Furthermore, all tissues were assessed with fluorescence in situ hybridization using 

the Zytolight SPEC HER2/CEN 17 dual color probe kit. Immunohistochemical assessment was 

performed using the conventional criteria using a Leica DMLS microscope. In situ hybridization 

was initially performed by counting 20 representative nuclei on a Zeiss Axioplan 40 microscope. 

We defined HER2 positivity as amplification by in situ hybridization or in cases of failed in situ 
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hybridization, an immunohistochemistry 3+ score. The HER2 status could be retested in 174 of 

194 (90%) tumor samples. The tumors samples in which we could re-assess HER2 were HER2 

positive in 87%. Twenty one tumor samples that were HER2 negative when re-assessed. Out of 

the 21 samples, 67% had as primary HER2 testing only immunohistochemical staining and no 

confirmatory fluorescence in situ hybridization. Overall survival of patients with a HER2 discordant 

and concordant tumor was not different (18 versus 25 months, P = 0.131). Exploratory analysis 

for the use of a confirmatory fluorescence in situ hybridization in case Immunohistochemical 

staining reveals a positive  (IHC3+) score was performed. This more detailed analyses resulted in 

an estimated potential saving of trastuzumab costs of  €87,710 per 100 patients. 

In chapter 4 we aimed to compare effect of trastuzumab treatment in daily practice with the 

results observed in the earlier published study. We did so by studying the described patients, their 

treatment and outcome patterns in chapter 3 and compared them to the described (selected) 

trial populations. In addition we studied the differences in baseline, treatment and outcome 

characteristics in patients younger than 65 year of age versus those aged 65 years or more. Hunderd 

thirty out of the 225 patients with HER2-positive metastatic breast cancer (median: 54.8 years) were 

treated with first-line trastuzumab. The baseline characteristics of these first-line treated patients 

were comparable with those from a large clinical trials studying trastuzumab in first line treatment. 

The first-line treated patients we described had a median treatment duration of 9 months and a 

median overall survival of 30.7 months. This is comparable with the overall survival of 31.2 months 

found in the clinical trial. Trastuzumab treatment discontinuation for cardiotoxicity occurred in 16% 

of all patients. Of those experiencing cardiotoxicity, 72% had received prior chemotherapy with 

an anthracycline. National and international guidelines published between 2001 - 2004 suggested 

as first line therapy for HER2 positive metastatic disease the combination of trastuzumab with a 

taxane. In the studied cohort only 57% of patients treated in first line for metastatic disease did 

receive this combination. In 20% of these patients, trastuzumab was combined with vinorelbine 

instead of the registered combination with paclitaxel or docetaxel. Vinorelbine was probably 

preferred given its more favorable toxicity profile. Shortly after the registration of trastuzumab, 

randomized studies have also shown the efficacy of the trastuzumab–vinorelbine combination. 

The median duration of response in these trials was 10 – 17.5 months and seems quite similar to 

the registered combination of trastuzumab with a taxane. Based on our findings in this cohort 

study we conclude that patients who received trastuzumab treatment in daily practice had 

similar outcome as patients treated in the study setting. Treatment duration, overall survival and 

the discontinuation rate because of cardiotoxicity was similar in patients younger than 65 years 

compared to those of 65 years or older. 

A challenge in the implementation phase of a new treatment is how to extrapolate registered 

treatment data from an ideal trial population to patients seen in daily practice. Knowledge with 

regards to safety and tolerability is often lacking in these patients. It is therefore difficult to oversee 

the impact of treatment in these patients. This makes it essential to study pharmacokinetic and 

pharmacodynamic properties in special settings. Therapeutic drug monitoring can in strictly 

selected situations be helpful to guide treatment optimization. In chapter 4a we illustrate how 
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information about trastuzumab treatment is extrapolated to a patient with an off label indication. 

We described a 21-year old female with a symptomatic cancer of unknown primary origin with 

an apparent submucosal mass in the sigmoid colon, as well as cervical and supraclavicular lymph 

nodes. Histology of the submucosal mass revealed a low differentiated adenocarcinoma which 

was HER2 positive based upon HER2 overexpression and amplification. The 89Zr-trastuzumab 

positron emission tomography (PET) scan showed intense 89Zr-trastuzumab uptake in the mass 

in the lower pelvic cavity and in cervical, supraclavicular, paraaortal and iliac lymph nodes. 

This confirmed the positive HER2 status of all tumor localizations seen on FDG-PET. Extensive 

diagnostics revealed no signs of an occult breast or gastric tumor. HER2 directed therapy with 

trastuzumab in combination with capecitabine and oxaliplatin was started. After six courses no 

residual disease could be seen on FDG and 89Zr-trastuzumab-PET. Trastuzumab monotherapy was 

continued. Progression occurred after 9 months of use of trastuzumab monotherapy.

In chapter 4b we aimed to illustrate how therapeutic drug monitoring can aid to make 

decision during a relative new drug treatment in a patient with renal impairment.  Everolimus 

is in oncology registered for the treatment of irresectable or metastatic renal cell carcinoma, 

neuroendocrine tumors and combined with the oral steroid aromatase inhibitor, exemestane in 

metastatic breast cancer. In this chapter we described a patient on renal dialysis with an advanced 

grade 1 neuroendocrine tumor who was treated with everolimus, 5 mg orally once a day. 

Everolimus is in 98% metabolized by the liver and in only 2% in the urine. Therefore everolimus 

administration with careful monitoring was started in this patient. To rule out whole blood 

everolimus concentrations at steady state were measured using liquid chromatography-mass 

spectrometry. Patient tolerability and the known nontoxic steady state concentrations made it 

possible to increase the dose to the registered dose of 10 mg orally once a day.

Despite major improvements in outcome for patients with HER2 metastatic breast cancer 

since the use of HER2 targeting drug, ultimately resistance will develop and tumor progression 

will occur. The androgen receptor is expressed in nearly 60% of HER2 positive breast cancers 

and androgens induce in apocrine breast cancer cell lines a proliferative response based 

on the interaction of the androgen receptor with the HER2 pathway. In addition the immune 

microenvironment is increasingly considered to play an important role in human breast cancer 

tumorigenesis and response to therapy. In chapter 5 we therefore aimed to explore the 

relationship between androgen receptor expression by tumor cells and the immune composition 

of the tumor microenvironment in HER2 positive breast cancer. This knowledge might lead to 

identifying potential targets within the androgen receptor pathway, which could influence the 

tumor immune microenvironment. The patient selection and details on tumor characteristics 

were used from the cohort described in chapter 3. Tumor characteristics included tumor grade, 

histologic subtype and expression of estrogen receptor and progesterone receptor in the primary 

tumor. The tissue micro-array described in chapter 3 was used. The immune profile measurements 

consisted of CD3, CD8, programmed cell death protein 1, PD-1 ligand 1, M2 tumor associated 

macrophages (M2 TAM) and tumor-infiltrating lymphocytes. AR, CD3, CD8, PD-1 and PD-L1 

were assessed by immunohistochemistry. M2 TAMs (expression of both CD68 and CD163) were 
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determined by multi-color immunofluorescent staining. Tumor infiltrating lymphocytes (TILs) 

were assessed in the whole tumor slides using the method standardized by the international TILs 

working group. Results were presented as percentage TILs in the stromal tissue. Sufficient tumor 

material was available of 150 patients. In 81.3% of the tumors, androgen receptor expression 

was observed in ≥10% of tumor cells. The median number of M2 TAMs, CD3+ and CD8+ T cells 

per tumor were 8 (interquartile range [IQR]: 1-22), 85 (IQR: 0-311) and 35 (IQR: 0-149) cells/mm2, 

respectively. Androgen receptor positivity was associated with estrogen receptor positivity. 

Androgen receptor expression correlated negatively with M2 TAM (Pearson’s r = -0.361, P < 0.001), 

CD3+ (r = -0.199, P < 0.030) and CD8+ (r = -0.212, P < 0.021) cell infiltration. With clustering analysis 

three groups of tumors were identified based on androgen receptor expression and the immune 

cell composition. We identified low androgen receptor expression and high immune cell infiltration 

in ~ 20% of the tumors; high androgen receptor expression and high immune cell infiltration of 

around 15% of tumors; and high androgen receptor expression and low immune cell infiltration 

in the remaining tumors. In an exploratory way these groups were related to different overall 

survival. Overall survival was longer in patients with high androgen receptor expression and high 

immune cell infiltration (n = 27) compared to patients with low androgen receptor expression 

and high immune cell infiltration (n = 32) (89.7 months versus 66.4 months, P = 0.01, hazard ratio 

(HR) 2.26). The overall survival difference may indicate a role for the androgen receptor signaling 

pathway in anti-HER2 treatment response. 

In chapter 6 we aimed to explore novel factors in the microenvironment in male breast cancer 

patients. Generally, male breast cancer has more prognostic favorable tumor characteristics then 

female breast cancer, such as greater estrogen receptor expression. However, survival rates of 

breast cancer in men are lagging behind compared to women. Currently it is more and more 

recognized that the microenvironment has a distinct, partly gender specific, embedding 

framework, making it important to recognize differences between female and male breast cancer. 

We aimed to explore novel factors in the microenvironment in this patient population. The C-X-C 

chemokine receptor type 4 (CXCR4), its ligand stromal cell-derived factor-12 (CXCL12), C-MET and 

its ligand hepatocyte growth factor (HGF) play a role in the tumor microenvironment and are 

linked to metastasis. The male breast cancer cohort from the Netherlands was collected as part 

of the international EORTC 10085/TBCRC/BIG/NABCG International Male Breast Cancer Program. 

Male patients with invasive breast cancer and above 18 years old at the time of diagnosis, were 

included if a formalin-fixed paraffin-embedded (FFPE) tissue block of the primary tumor was 

available. A total of 1,473 patients were eligible and included in this program. The present substudy 

analyzed the 803 Dutch patients. For each tissue block, three representative cores were selected 

and taken to construct a four µm-thick tissue micro-array for immunohistochemical staining of 

CXCR4, CXCL12, HGF and c-MET. Tumor samples of 720 patients were suitable for analysis who 

had a median age of 67 year. Of these tumor samples 98.3% were estrogen receptor positive. The 

487 patients metastasis-free at diagnosis were studied for survival. The median follow up was 6.5 

years. High HGF expression was associated with a longer relapse-free survival and overall survival 

(5.9 versus 10.7 years, HR 0.58, P = 0.004; 7.5 versus 13.0 years, HR 0.64, P = 0.001 respectively). HGF 
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remained significant in multivariate analysis. These findings suggest that HGF is an independent 

predictor for better overall survival, which is contradictory compared with females. The HGF/c-

MET signaling may function differently between male and female breast cancers. High CXCL12 

expression was also associated with better relapse-free survival and overall survival (6.2 versus 11.3 

years, HR 0.55, P =0.01; 9.1 versus 15.3 years, HR 0.63, P = 0.005 respectively). This is similar compared 

to female breast cancer. These results support the idea that gender specific differences occur in 

breast cancer, potentially allowing specific targeting of these characteristics. 

FUTURE PERSPECTIVES

The role of prospective real world data collection
We retrospectively analyzed the use of trastuzumab in metastatic HER2 positive breast cancer 

in the Northern part of the Netherlands. Data was collected from hospital pharmacies. This 

approach harbors several drawbacks including selection bias, non-availability of clinical data, 

underreporting of comorbidities and heterogenous algorithms for treatment and response 

evaluation. However it did provide insight into treatments patterns. Data from clinical trials 

provides evidence of antitumor activity but lack data about the impact of a new treatment in the 

real-world setting.(1) Up to 50% of the general population is ineligible for clinical trial participation.

(2) Furthermore, current literature suggests that in the real world setting treatment efficacy is 

lower and toxicities are higher compared to what is seen in the trial setting. This can be explained 

by the low comorbidities present in trial populations, the protocolled and intense care given in 

the trial setting and the high motivation seen in the trial participants.(3) 

It is therefore informative to monitor the impact of a new treatment in the real-world setting. 

Particular niche populations, such as patients with second primary tumors or male patients with 

breast cancer are underserved in the current trial setting and are highly dependent upon data 

collection in the real world setting. This information would be more meaningful when the real 

world data is collected prospectively. It is even advocated by the FDA who issued a framework 

outlining how it plans to incorporate real-world evidence into the drug review process in the 

current climate.(4-6) Currently the oncology community is slowly focusing more on prospective 

real world data collection with initiatives as CancerLinQ that collect and analyze data that are siloed 

in electronic health care records.(7) It remains however challenging to optimize data collection in 

daily practice with only limited financial means. As a first step electronic patient dossiers can be 

adapted nationwide or even globally with use of uniform ways to capture patient and treatment 

and outcome characteristics.  

The androgen receptor, immune cell infiltration in the tumor micro-
environment and the HER2 pathway 
We described in chapter 5 a study in a small group of patients with a HER2 positive primary 

breast tumors and metastatic disease. In this exploratory analysis we found a negative correlation 
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between androgen receptor expression and M2-tumor associated macrophages infiltration into 

the tumor microenvironment. Overall survival in patients with high androgen receptor expression 

and high immune cell infiltration in the primary tumor was longer compared with low androgen 

receptor expression and high immune cell infiltration. This might indicate that immune cell 

infiltration in relation to androgen receptor expression is relevant to clinical outcome. Interestingly 

the androgen receptor signaling is also reciprocal linked to the HER2/phosphatidylinositol-3-

kinase (PI3K)/mammalian target of rapamycin (mTOR) signaling pathway and may contribute to 

resistance to HER2 targeted directed treatment.(8, 9) Prospective research is needed to determine 

the relation between the expression of the androgen receptor, immune cell infiltration, the HER2/

PI3K/mTOR pathway in the tumor, and the tumor response and overall survival of the patient. This 

could eventually lead to new insights into reduction of resistance to HER2 directed therapy. 

Currently the results are awaited from a phase 2 trial in 103 patients studying the nonsteroidal 

anti-androgen enzalutamide with trastuzumab in patients with HER2 positive, androgen receptor 

positive metastatic breast cancer (NCT02091960). The first stage of this trial evaluated 22 heavily 

pretreated patients. In these patients the median treatment duration was 144 days. At 24 weeks, 

two patients had a confirmed partial tumor response and four experienced stable disease.(10) It 

would be of interest to study the tumor immune cell infiltration in the primary tumor of these 

patients and relate it to clinical outcome, as we found that androgen receptor expression in the 

primary tumor was only related to prognosis in patients with high immune cell infiltration in the 

tumor. Dependent on these results the degree of immune cell infiltration could have predictive 

value of who will benefit from the combination of trastuzumab and enzalutamide. 

The tumor microenvironment in HER2 positive breast cancer 
The role played by the tumor microenvironment in the development of drug resistance is 

increasingly considered to be of interest. In a transgenic mouse model with HER2 overexpressing 

syngeneic tumors, trastuzumab treatment upregulated the level of programmed death-ligand 

1. This resulted in inhibition of anti-tumor T-cell response.(11) Furthermore, strategies to remodel 

the tumor microenvironment with nanoparticles in an orthotopic breast tumor mouse model 

downregulated the tumor microenvironment associated drug resistance and immunosuppression. 

The nanoparticles suppressed the drug resistance factors P-glycoprotein, p53, and carbonic 

anhydrase IX and enhanced the tumor penetration and antitumor efficacy of doxorubicin.(12) The 

resistance pattern in HER2 positive breast cancer cells seems to differ between the luminal-like 

and basal-like HER2 breast cancer subtypes as shown in a tumor mouse model.(13, 14) In the 

basal like subtype, hepatocyte growth factor induced resistance that could be reversed with the 

tyrosine-protein kinase MET inhibitor crizotinib. In the luminal like subtype, neuregulin1-β a ligand 

for HER3, induced resistance that could be reversed with pertuzumab, an inhibitor of HER2-HER3 

heterodimerization. Further preclinical research in modulating the tumor microenvironment in 

the two different subtypes is necessary to elucidate the potential to reverse drug resistance in 

the two subtypes. If available, the primary archival tumor tissues of patient who participated in 

earlier conducted trials in patients with HER2 positive metastatic breast cancer can be used to 
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determine the HER2 subtypes. It makes it possible to retrospectively relate the HER2 subtype on 

clinical outcome. 

Combined treatment strategies to enhance efficacy
Treatment in oncology will often lead to resistance resulting from compensatory signaling 

pathways. Combining drugs can circumvent some of these pathways resulting in clinical benefit.

(15) The use of targeted therapies, such as trastuzumab for metastatic HER2 positive breast cancer 

or BRAF kinase inhibitors in metastatic melanoma, increased patient survival. However resistance 

to these drugs inevitably occurs.(16) Few combinations of targeted agents have further prolonged 

progression-free survival. For example in metastatic melanoma combining BRAF kinase inhibitors 

and MEK pathway inhibitors have improved overall survival.(17) Moreover, immunotherapy 

improved patient survival across several tumor types. Molecular mechanisms of resistance to 

immunotherapy are starting to be elucidated. Combining immunotherapy with existing therapies 

has resulted in longer lasting tumor responses.(18, 19) In metastatic melanoma, immunotherapy 

with dual cytotoxic T-lymphocyte-associated protein 4 (CTLA4) and programmed death-1 

(PD-1) blockade has improved overall survival and has been approved by the Food and Drug 

Administration.(20) Numerous clinical trials evaluating the combination of immunotherapy with 

other drugs and radiotherapy are underway.(21) 

In HER2 positive metastatic breast cancer several strategies to overcome drug resistance are 

currently being evaluated in preclinically and in early phase clinical trials. Neratinib, an irreversible 

pan-HER kinase inhibitor has unique preclinical characteristics such as the ability to irreversibly 

inhibit epidermal growth factor receptor and HER2/4. In the phase III NALA trial, neratinib plus 

capecitabine versus lapatinib plus capecitabine as third line treatment in HER2 positive metastatic 

breast cancer resulted in a statistically significant improvement in duration of response of 8.5 

months versus 5.6 months. These results look promising but overall survival results have to be 

awaited.(22) In the preclinical setting combining pan HER inhibitors with anti-HER2 monoclonal 

antibodies, antibody drug conjugates, anti-PD-1/PD-L1 antibodies suggested enhanced anti-

tumor activity. Other combinations such as anti-HER2 monoclonal antibodies with antibody drug 

conjugates or anti-PD-1/PD-L1 antibodies are currently in early phase clinical testing.(23) These 

results have to be awaited.  

The male breast cancer tumor biology 
Currently treatment recommendations for male breast cancer are often derived from the standards 

for female breast cancer. Although both diseases share similarities, there are notable differences 

reported. The tumor microenvironment in female breast cancer is recognized as a critical participant 

in determining the tumor biology. It plays a role in promoting tumor progression and metastasis. 

We have studied the tumor microenvironment in the tissues of primary tumors of non-metastatic 

male breast patients. We found similarities but also differences compared to female breast cancer. 

In our retrospective analysis with a limited number of patients we identified hepatocyte growth 

factor as an independent predictor of better clinical outcome. However in female breast cancer 
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hepatocyte growth factor is a predictor for worse outcome. Further studies will be needed to 

proof its precise role. Moreover standardized methodology for immunohistochemical staining 

and the scoring of the studied markers will be required. 
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